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(54) Deposition ring antl-rotatlon apparatus 

(57) Apparatus (50) for limiting the rotation of a dep- 
osition ring (102) relative to a substrate support (100). 
Specifically, thie deposition ring (102) is rotatably affixed 
to the substrate support (100). In a first embodiment of 
the apparatus, an anti-rotation pin (114) is affixed to a 
deposition ring (102) that circumscribes a substrate 
support (100) such as an electrostatic chuck. An anti- 
rotation bracket (118) is attached at a first end (120) to 
the substrate support (100). A second end (122) is cou- 
pled to the anti-rotat'on pin (1 14). As such, the deposi- 
tion ring (102) has some degree of freedom to adjust to 
thermal expansion of the deposition ring (102) and the 
substrate support (100); however, the deposition ring 
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(102) is prevented by the interaction of the anti-rotation 
pin (114) and bracket (118) from rotating to a point 
where the deposition ring (102) becomes stuck to the 
substrate support (100). In an alternative embodiment 
of the apparatus, an anti-rotation pin or bump is formed 
on the underside of the deposition ring. A matching 
indentation is formed on a radially extending, circumfer- 
ential flange extending from the sut^strate support and 
supporting the deposition ring. The pin and indentation 
Interact to limit the amount of rotation that can be 
attained by the deposition ring. 
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Description 

BACKGROUND OF THE DISCLOSURE 

1 . Field of the Invention 

The Invention relates to a deposition ring used in 
semiconductor wafer processing systems. More partic- 
ularly, the invention relates to apparatus for limiting the 
rotation of a deposition ring relative to a substrate sup- 
port chuck that is circumscribed by the deposition ring. 

2. Description of the Background Art 



In deposition processes, species from a source 
such as a target, a gas inlet manrtold and the like may 
deposit on exposed internal chamber surfaces, includ- 
ing the chamber walls and hardware. Shields are avail- 
able which are designed to intercept such species. One 
portion of such a shield is a deposition ring (also known 
as a waste ring) that generally circumscribes a sub- 
strate support such as an electrostatic chuck and is 
designed to prevent deposition upon the edges of the 
substrate support. A substrate support typically con- 
tains a radially extending, circumferential flange that 
supports the deposition ring proximate the edge of the 
substrate support surface tiiat is designed to support a 
workpiece such as a semiconductor wafer. 

Typically, a substrate support, although generally 
circular in plan form, has one edge that is flat. The flat 
edge, circular shape matches the shape of a typical 
semiconductor wafer. Such a flat edge is used to easily 
orient the wafer during processing. So that the deposi- 
tion ring can circumscribe the substrate support, the 
deposition ring also contains a flat portion of its inner 
circumference such that the geometry of the deposition 
ring substantially matches the plan form of the substrate 
support. 

The deposition ring inner circumference is slightly 
larger than the outer drcumference of the chuck. Such 
a size differential is necessary to ensure that the differ- 
ent materials comprising the ring (typically stainless 
steel) and the substrate support (typically ceramic or 
dielectric) are permitted to freely expand and contract in 
response to the extreme tenperatures produced in a 
semiconductor wafer processing system. 

The d^osition ring, during thermal cycling, slides 
about the substrate support, i.e., the deposition ring 
rotates about the siiDStrate support. At room tempera- 
ture, the rotation is typically 0.35 to 1.5 degrees. How- 
ever, at 400 degrees Celsius, the rotation can exceed 3 
degrees. As a result, the flat portion of the deposition 
ring inner circumference contacts the edge of the sub- 
strate support at the point where the flat edge meets the 
circular edge. As the temperature within the processing 
system cools, the deposition ring contracts at a rate 
faster than the substrate support. If cooled while the 
deposition ring is in the excessively rotated position, the 
ring produces substantial inwardly directed force (com- 



pressive force) at the circumferential contact points 
between the ring and the support. As a result, the ring 
becomes "stuck" and cannot be easily removed from 
the substrate support. Such compressive force can per- 
5 manently damage the substrate support. 

Therefore, a need exists in the art for apparatus that 
limits the rotation of the deposition ring with respect to a 
substrate support that is circumscribed by the ring. 

10 SUMMARY OF THE INVENTION 

The disadvantages heretofore associated with the 
prior art is overcome by apparatus for limiting the rota- 
tion of a deposition ring relative to a substrate support. 
IS Specifically, the deposition ring is rotatably affixed to the 
substrate support. 

In a first embodiment of the invention, an anti-rota- 
tion pin is affixed to a deposition ring that circumscribes 
a substrate support such as an electrostatic chuck An 
20 anti-rotation bracket is attached at a first end to the sub- 
strate support. A second end is coMpied to the anti-rota- 
tion pin. As such, the deposition ring has some degree 
of freedom to adjust to thermal expansion of the deposi- 
tion ring and the substrate support; however, tiie depo- 
ts sition ring is prevented by the interaction of the anti- 
rotation pin and bracket from rotating to a point where 
the deposition ring becomes stuck to the substrate sup- 
port. 

In an alternative embodiment of the invention, a 
30 anti-rotation pin or bump is formed on the underside of 
the deposition ring. A matching indentation is formed on 
a radially extending, circumferential flange exterKiing 
from the substrate support and supporting the deposi- 
tion ring. The pin and indentation interact to limit the 
35 amount of rotation that can be attained by the deposi- 
tion ring. However, as with the previous embodiment, 
the ring and substrate support are able to freely expand 
and contract with the thermal cycling of the semicon- 
ductor wafer processing system. 
40 Using either embodiment of the present invention, 
the rotation between the deposition ring and the chuck 
is substantially limited even at high temperatures. As 
such, the deposition ring can not become stuck to the 
substrate support. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention can be read- 
ily understood by considering the following detailed 
descriptk)n in conjunction with the accompanying draw- 
ings, in which: 

FIG. 1 depicts a top plan view of apparatus for lim- 
iting rotation of a deposition ring relative to a sub- 
strate support; 

FIG. 2 depicts a vertical cross-sectional view of the 
apparatus of FIG. 1 taken along line 2-2; and 
FIG. 3 depicts a vertical cross-sectional view of an 
alternative embodiment of the present invention. 
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To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION f 

FIG. 1 depicts a top, plan view of a substrate sup- 
port 100 that is circumscribed by a deposition ring 102 
(also known as a waste ring) having apparatus 50 for 
limiting the rotation of the ring 102 with respect to the i 
support 100. FIG. 2 depicts a vertical cross-sectional 
view of the apparatus of FIG. 1 taken along line 2-2. To 
best understand the invention, the reader should simul- 
taneously refer to both FIGS. 1 and 2. 

Specifically, the support 1 00 is substantially circular u 
having a flat portion 104. To achieve alignment of the 
ring and support, the deposition ring 102 also contains 
a similar flat portion 106. The substrate support is gen- 
erally supported upon a chucking apparatus 108 such 
as an electrostatic chuck (not specifically shown) for 2i 
retaining a workpiece or substrate upon the surface of 
the substrate support. In some substrate processing 
applications, the chucking apparatus may also contain a 
substrate support heating assembly (not shown). 

The support 100 contains a flange 1 10 that extends 25 
radially from the support and circumscribes the entire 
support. This flange 110 supports an underside surface 
1 12 of the deposition ring 102. To this underside surface 
is affixed an anti-rotation pin 1 14. The pin 1 14 is affixed 
by having a threaded bore 1 16 in the underside of the 30 
ring and having matching threads on a first end of the 
pin 114. The pin extends approximately 2.54 cm (1 inch) 
from the ring 118. The pin mounting location is not criti- 
cal to the invention. The specific attachment location is 
a design choice that is dictated by the substrate support 3S 
apparatus and the geometry of the system in which the 
invention is used. Importantly, the pin must not be posi- 
tioned where it may interfere with access to the sub- 
strate support by a robotic substrate transport 
assembly. 40 

Further, the apparatus 50 for limiting the rotation of 
the ring relative to the support, includes a anti-rotation 
bracket 118. The bracket 1 18 has a first end 120 affixed 
to the support 100 and a second end 122 coupled to a 
second end 124 of the anti-rotation pin 114. The first 45 
end 120 of the bracket 1 18 contains a pair of mounting 
portions 132 and 134 that are interconnected by a inter- 
connection portion 136. The bracket is affixed to the 
support 100 by. for example, four screws, two screws 
128 on either side of the support mount 130. These so 
screws pass through slots 138 and 140 that are respec- 
tively located in the mounting portions 132 and 134. 

The bracket 1 18 further connecting portion 144 that 
connects the first end 120 of the bracket to tfie second 
end 1 22 thereof. The cross section of the bracket is sub- ss 
stantially and S-shape having the second end 122 
extending from the top of the connecting portion and the 
first end 120 extending from the bottom of tiie connect- 
ing portion. The particular shape of the bracket is 



defined by the specific substrate support asserrtoly 
design; For example. If a lift hoop is provided for guiding 
substrate lift pins, the bracket may have to be adapted 
to avoid the hoop. Thus, the particular bracket geometry 
shown should be considered illustrative of a bracket 
design and not a particular limitation of the invention. 
Many other bracket geometries are availatDle arxJ all of 
those are conskiered within the scope of tiie present 
invention. 

0 The distal end 142 of the second end 122 is 
adapted to couple to the second end 124 of the anti- 
rotation pin 114. The adaptation is a Y-shape or forked 
end to the bracket 118 that interfrts the pin diameter 
(e.g.. approximately 0.19 inches). Alternatively, the 
) bracket end 142 could contain a slot that rotatably cou- 
ples to the pin. 

This embodiment of the invention, provides an 
effective anti-rotation apparatus for substantially limiting 
the rotation of the deposition ring relative to the support 
> substrate. The anti-rotation bracket and pin combine to 
rotatably fix one point of the depc^ition ring relative to 
the substrate support. Such an arrangement effectively 
limits the ability of the ring to rotate, but does not sub- 
stantially interfere with the expansion and contraction of 
the ring and si^port during thermal cycling of the appa- 
ratus. 

FIG. 3 depicts a vertical cross-sectional view of an 
alternative embodiment of the invention. This entfxxli- 
ment has a pin or bump 300 formed on the urxjerskle 
surface 302 of the deposition ring 304. The radially 
extending, circumferential flange 306 of the substrate 
support 308 contains an indentation 310, e.g.. a radially 
directed slot. The slot is sized and positioned to coupled 
to the pin 300. As such, the pin and slot combination 
form the rotatatrfe affixation point between the deposi- 
tion ring 304 and the support 308. Alternatively, the slot 
could be located in the underside surface of the deposi- 
tion ring and the pin located on the flange. This enixxi- 
iment of the invention, i.e., coupling a pin and slot 
located in the ring and support or vice versa, also limits 
the degree of rotation of the ring relative to the support, 
but does not substantially interfere with the thermal 
expansion and contraction of the ring and support. 

Of course, the number of anti-rotation pins that are 
coupled to brackets or slots in the support can be 
increased. Thus, the invention should be understood to 
include one or more anti-rotation pins coupled to a sim- 
ilar number of brackets or slots. 

Furthermore, the invention is useful for use with a 
substrate support and a deposition ring which do not 
have flat portions. Such a ring and support are illus- 
trated by dashed lines 1 50 in FIG. 1 . In this manner, the 
anti-rotation apparatus 50 limits the rotation of the dep- 
osition ring relative to the support such that the sub- 
strate alignment pins 152 are relatively stationary during 
thermal cycling that would otherwise cause ring rota- 
tion. 

Although a pin and bracket or pin and slot emkxxji- 
ments for the anti-rotation apparatus 50 permit easy 
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removal of the deposition ring from the support, i.e.. the 
ring Is not bolted or screwed to the support, other 
means for attaching the ring to the support are useful. 
For example, a threaded bore into the flange and a 
matching bore through the ring can be used to attach 5 
the ring to the support via a saew or txDit. To ensure 
freedom of motion during thermal cycling the bore in the 
ring can be larger than the diameter of the attachment 
screw or the bore could be a slot. 

Although various embodiments which incorporate 10 
the teachings of the preserrt invention have been shov/n 
and described in detail herein, those skilled in the art 
can readily devise many other varied embodiments that 
still incorporate these teachings. 

IS 

Claims 

1. Apparatus for limiting rotation of a deposition ring 
relative to a substrate support that the deposition 
ring circumscribes, said apparatus comprising: 20 



7. The apparatus of claim 6 wherein said coupling 
point providing means is a pin. 

8- The apparatus of claim 6 wherein said means for 
rotatably affixing comprises a bracket, attached to 
said substrate support, and coupled to said cou- 
pling point providing means. 

9. The apparatus of claim 8 wherein said bracket is 
attached at a first end to the substrate support and, 
at a second end, has a forked portion that interf Its 
said coupling point providing means. 

10. The apparatus of claim 7 wherein said means for 
rotatably affixing comprises an indentation formed 
in said substrate support that couples to said pin. 

11. The apparatus of daim 10 wherein said Indentation 
is a slot. 

12. The apparatus of claim 10 wherein said slot is a 
radially directed slot located on a radially^xtending. 
circumferential flange of the substrate support that 
supports the deposition ring. 



a pin attached to the deposition ring; and 
a bracket, attached to said substrate support, 
and coupled to said coupling point providing 
means. 



2. The apparatus of claim 1 wherein said bracket is 
attached at a first end to the substrate support and, 
at a second end, has a forked portion that interfits 
said coupling point providing means. so 

3. Apparatus for limiting rotation of a deposition ring 
relative to a substrate support that the deposition 
ring circumscribes, said apparatus comprising: 

35 

a pin attached to the deposition ring; and 

an indentation formed in said substrate support 

that couples to said pin. 

4. The apparatus of claim 3 wherein said irxdentation 40 
is a slot. 

5. The apparatus of claim 4 wherein said slot is a radi- 
ally directed slot located on a radially extending, cir- 
cumferential flange of the substrate support that 45 
supports the deposition ring. 

6. Apparatus for limiting rotation of a deposition ring 
relative to a substrate support that the deposition 
ring circumscribes, said apparatus comprising: so 

means, attached to the deposition ring, for pro- 
viding a coupling point to said deposition ring; 
and 

means, attached to the substrate support and ss 
coupled to said coupling point providing 
means, for rotatably affixing a point on said 
deposition ring to said substrate support. 



EP 0 807 960 A1 




FIG. 3 



EP 0 807 960 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppRcation Nunbcr 

EP 97 10 6999 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CkadoB of document wicli indicadon, where appropriate, 
of rckvant passages 



US 4 788 994 A (SHINBARA KAORU) 6 December 
1988 

* column 5, line 13 - column 9, line 6; 
tables 1-6 * 

EP G 242 065 A (VARIAN ASSOCIATES) 21 
October 1987 

* column 1, line 31 - line 48 * 

* column 7, line 16 - column 8, line 15; 
tables 14-16 * 

CH 684 602 A (BALZERS HOCHVAKUUM) 31 
October 1994 

* column 3, line 27 - column 5, line 17; 
tables 1-5 * 



The 



srardi report has hcca drawn up for aU daioK 



Relevant 
to daim 



1.2,6-9 



1,3,4,6, 
10,11 



Ptaor mt 

BERLIN 



DUc aC BM^fatlM af the tea 

24 July 1997 



OLASSmCATION OF THE 
APPUCATION anLCI.6) 



HO1L21/O0 
H01L21/68 



TECHNICAL FIELDS 
SEARCHED aBt.a.6) 



H01L 
HOIJ 
C23C 



Weihs» J 



CATEGORY OF OTED DOCUMENTS 

X : particajlariy rdevani H taken aJme 

Y : particularly relevant H oombiacd with another 

docunent of the saiac category 
A : technological badtcround 
O : noa-iRlttca disdosurc 
P : intemcdiaic docuB«ttt 



T : theory or priodple underlying the Invention 
E : cariicr patent dooinent, hut published on, or 

after the ftllag date 
D : dociuecnt dted in the application 
L : docuncnt dted for other reasons 



&*:'mcniher of tii^ $a»« patent family, corresponding 



